INTRODUCTION
Vibration is defined as oscillations of material particles (hard matter, liquids, gases) and their movement. Vibration that is transmitted through the worker's hands with work appliances, the operation of which is connected with strokes and rotation and causes risk to the worker's safety and health, is called hand and arm vibration (HAV). Vibration that is transmitted through the support surfaces of a standing or sitting employee and generally affects the whole body causing risk to the worker's safety and health, as whole-body vibration (WBV) (Seidel, 2008) . The vibration in the work environment can be estimated as vibroacceleration (m/s 2 ), which identifies the energy of oscillation and influence of vibration on the human body (Anonymous, 1997; Dundurs, 2008) .
Both HAV and WBV are widespread in work processes connected with the manufacturing and processing of various materials (timber, metal, etc.) , as well as with operation and maintenance of different machines (lorries, tractors, etc.) and equipment (production lines, motors, generators). Both types of vibrations create one of the most important risk factors in branches like timber processing and wood felling, metal processing, manufacturing, maintenance and repair of transport, construction, power production, food production, etc. (Taylor, 1994; Eglîte, 2000; Anonymous, 2006 , Martinsone et al., 2007 .
The aim of our study was to investigate vibration as an occupational health risk: to conduct a survey and self-evaluation of health of employees, to carry out vibration measurements in different workplaces, and to provide recommendations on optimisation of work conditions in Latvia.
MATERIALS AND METHODS
An employee survey was conducted using specially prepared questionnaires: Computer Assisted Telephone Interviews (CATI), ad hoc, Computer Assisted Personal Interviews (CAPI), and self-addressed. Employers (n = 1058) were asked to assess the number of employees in their companies who were exposed to vibration created by hand instruments, machines, etc. (i.e. hand and arm vibration) and vibration created by transport (i.e. whole-body vibration). Employees (n = 2455) were asked questions similar to those given to employers. The respondents were asked to supply answers using the following categories: all the time, nearly all the time, about 3/4 (75%) of the time, about a half of the time, about 1/4 (25%) of the time, nearly never, and never. (1991-1995 -20.8%; 1996-2000 -18.2%; 2001-2005 -19 .3%). Differences in exposure to vibration also depended on ownership of companies: mainly local ownership (20.3%) of companies, equal local and foreign ownership (21.9%) and mostly foreign ownership (9.3%). Rear hand and arm vibration was mentioned as a risk factor by respondents from Rîga (15.5%), from other towns (21.8%), and most often by respondents from villages and countryside (31.7%).
Those exposed to the whole-body vibration more often are workers employed in the output industry (84.1%), manufacture of timber, wood and cork products, furniture (64.6%), agriculture, forestry, hunting companies (61.5%), fishing companies (53.6%), construction (34.0%). Similar to HAV, those exposed to vibration created by transport more often are employees in large companies compared to small (12.2% in companies with the number of the employed 1-9, 23.5% in companies with 10-49 employed, 42.3% in companies with 50-249 workers, and 45.0% in companies with 250 and more workers). Regarding frequency of WBV exposure by the year of company founding, employees had a greater chance to be exposed in companies formed before 1990 (33.7%), compared to younger companies (1991-1995 -23.5%; 1996-2000 -11.8%; 2001-2005 -13 The number of respondents who mentioned HAV did not depend on the size of company where they were working (1-9 workers -22.3%, 10-49 workers -23.9%, 50-249 workers -25.2%, 250 and more workers -24.6%). A higher worker basic wage (in Latvian lats, LVL) was associated with greater exposure to HAV: up to 90 LVL -18.1%, 91-150 LVL -22.2%, 151-250 LVL -26.1%, 251 LVL and more -27.7%). Slightly more often HAV was mentioned by respondents who received their wage in "envelopes" (sometimes -31.5%, every month -42.7%, never -20.3%). According to the employee view, HAV was reported more often by those employed in a small village, village, and in the countryside (31.7%). Considering the type of settlement where the main workplace was located, no significant differences were noticed (20.9% -24.1%).
A total of 16.9% of respondents considered that they were exposed to whole-body vibration: most often by those working in fishing (46.4%), agriculture, forestry, hunting (38.8%), and construction (32.1%). Men were more often exposed to the WBV (31.6%) than women (5.0%). Vibration created by transport was recognised as a work environment risk factor similarly by all age groups (15. Occupational health and safety (OSH) specialists (n = 86) who have acquired or are acquiring higher professional education were asked to mention ten most significant/essential working environment risk factors in the companies they are working in (including companies providing the services of a certified specialist or notified body). Hand and arm vibration was mentioned as the 12 th most important risk factor (HAV was mentioned by 36.0% respondents), and WBV was mentioned as the 16 th most essential factor (mentioned by 18.6% respondents). 
DISCUSSION
During the "Living conditions in Latvia" (Ostlands et al., 1996) , about 13.0% of the employed mentioned that they were exposed to the influence (not specifying what) of strong vibration at the workplace. Similarly, during the study "Living conditions in Latvia" carried out in 1999, 13.5% of respondents pointed out that at their workplace they were regularly exposed to vibration (not specifying what) (men 21.3%, women 5.2%, 11.3% in public sector, 16.2% in private sector).
According to the study "Working conditions in the countries in pre-accession period and candidate countries" , in Latvia about 10.4% active inhabitants (self-employed and employed persons over 15 years) reported that they were exposed to vibration all the time (on average 6.3% in new member states), 6.8% nearly all the time (5.4% in new member states), 4.2% about half the time (3.7% in new member states), 6.5% about 1/4 of the working time (6.8% in new member states), 10.0% nearly never (11.1% in new member states). During the survey of the health of Latvian population (Anonymous, 2004) , 25.7% men and 8.7% women mentioned vibration as an existing work environment risk factor at their work places. Most often vibration was mentioned by respondents having elementary and less education (22.3%) and secondary education (19.1%), most seldom by those with higher education (9.1%).
In a public opinion poll on the operation of the State Labour Inspectorate (Anonymous, 2005) , the employers were asked how many workers employed at their companies were exposed to the influence of vibration, not specifying HAV or WBV. Accordingly, 2.9% employers considered that all employed in their companies were exposed to vibration, 3.1% -the majority, 4.3% -about a half, 11.6% -less than a half, 69.0% -never, and 9.0% failed to answer the question. The same question was put to the general population: 5.3% respondents pointed out that they were exposed to the influence of vibration all the time, 5.0% -most working time, 2.9% -about half the time, 7.7% -less than half the time, 63.5% -never, and 15.6% respondents failed to answer the question. In addition, the persons were asked whether any harmful condition had made a negative impact on their health. 3.3% of the population mentioned that vibration (not specifying which) had affected their health.
The studies show that employers, particularly in small companies and in Rîga, do not have vibration as a work environment risk factor. Risk sectors were fishery, agriculture, forestry, hunting, construction, manufacture of metal, metal product, equipment mechanisms and manufacture of timber, wood and cork products, and furniture. Vibration more often was mentioned as a risk factor in large companies, which might be explained by the lack of information of small company employers about work environment risk factors, as well as the unawareness of the problem. Worker risk groups were workers in small villages and in the country, as well as those with a lower level of education. According to the requirements of the CM Regulation No. 527, "Procedure how to carry out compulsory medical examination" (passed on 08.06.2004), the frequency of health examinations for the employed who are exposed to the influence of vibration in working environment is once a year for HAV and once in two years for WBV.
The labour protection law states that risk factor evaluation must be carried out in the work places of all companies. Normally, this it is done by the OSH specialist or a notified body, not less than once a year. Risk factors present in the work place are recorded, among which there can be also HAV and WBV. To solve successfully vibration-related problems at work, the most significant vibration sources, type of vibration and duration of exposure must be determined. Where vibration in the workplace can create increased risk to the worker's health, the vibration levels are measured to evaluate objectively the vibration-caused risk in the specific work place. Vibration level measurements in the work place can be carried out by competent specialists as well as notified bodies and accredited laboratories using measurement equipment that is registered and calibrated according to the legislation. The Latvian Accreditation Office homepage identifies six laboratories that are accredited to carry out vibration measurements (LATAK, updated: 28.06.2006) ; however, during the study it was not possible to obtain data on how many measurements each laboratory has made.
The HAV measurement results show that the necessary vibration reduction activities at nearly one half of work places/processes are carried out. Most WBV measurements were carried starting from 2002 when regulatory enactments on the working environment risk evaluation became effective. Most HAV measurements were made in 2005 and 2006, which can be explained by measurements made within the framework of this project. Yet, it should be noted that the number of vibration measurements made is too small to represent the general condition in the country. However, WBC exceeding the exposure boundary values were observed at almost half of assessed work places/processes, and at these places vibration reduction activities should be carried out. Therefore, vibration risk factor is a very important issue that has been insufficiently analysed, particularly in branches like construction, metal processing, and others.
The most frequent problem of the employed working with vibrating hand instruments is HAV-caused "white-finger" syndrome. The influence of vibration can cause irreversible changes in the finger blood vessels and nerves, as well as in hand and arm tendons, muscles, bones and joints. The vibration-affected fingers turn white, they may loose strength of grip and the sensibility may lessen (unable to button up, etc.). The "white finger" syndrome is intensified by cold (Burström et al., 2009; Sauni et al., 2010; Van Rijn et al., 2010) . Whole-body vibration most often causes fatigue, insomnia, headache, giddiness, nervousness (i.e. disorders of central nervous system), changes in the body movements (instability), pain in the back, calf muscles and feet numbness. The most often observed changes for drivers are negative changes of spine and also a negative effect on blood circulation, digestion, respiration, and muscle systems (Eglite, 2000; Palmer et al., 2003; Seidel, 2005 and .
In Latvia, vibration-caused occupational diseases (both by local and general vibration) are classified as a vibration effect, not separating HAV-and WBV-caused health disorders (Anonymous, 2006) . Also, when analysing occupational diseases caused by a specific type of vibration it is not rare that one patient has both hand and arm and whole body vibration-caused pathologies and it is impossible to separate the vibration effects. The frequency of vibrationcaused occupational diseases per 100 000 employed in the last years has grown from 3.7 cases in 2000 to 16.0 cases in 2005 (Anonymous, 2007) . The increase of the number of vibration-caused occupational diseases is similar to the number of noise-caused occupational weak hearing (Eglîte, 2000) .
The proportion of vibration-caused occupational disease from the total number of newly registered occupational diseases has grown from 4.5% in 2000 to 10.2% in 2005. It should be noted that the percentage of vibration caused occupational diseases in 1993-1999 was relatively high (15.0% in 1993 and 8.8% in 1999) . However, like in the case of noise-caused hearing reduction, the total number of occupational diseases was very small. For example, the proportion of vibration-impact-caused diseases was 7.7% in 1996, among occupation diseases its frequency per 100 000 employed was only 1.9 cases per 100 000 workers. Similarly, in 2003, it was 9.2% proportion and 14.4 cases per 100 000 workers.
The analysis of the incidence of vibration-caused occupational disease by sectors (calculated per 100 000 workers in the respective sector) show that the fastest growth was in the transport, communication and telecommunication sectors (from 3.8 cases in 1998 to 58.3 cases in 2004), agriculture and forestry (from 3.8 cases in 1996 to 88.7 cases in 2005), and construction (from 2.0 cases in 1996 to 33.6 cases in 2004). In other branches, the frequency of diseases per 100 000 employed has remained relatively stable (Anonymous, 2007; Martinsone et al., 2007) .
The conclusions are:
1. Employers do not realise vibration as an occupational hazard. The number of vibration measurements made is too small to state that the measurement analyses represent the average situation in Latvia.
2. The number of vibration-caused occupational diseases in the last years has grown both in absolute figures and in percentage of the total number of occupational diseases, and this provides evidence that the ratio of vibration caused occupational diseases in Latvia is growing. It proves that in these sectors the attention of the employers should be turned to the necessity to carry out labour protection activities aimed at the prevention of possible after-effects.
